Abstract. The time delay often exists in the industrial process. Its control effect by conventional PID controller needs to be improved. In this paper, a method of parameter setting based on nonlinear optimization is proposed. Combined with Fuzzy-PID, the robustness of the control system is improved. Compared with traditional PID, the proposed controller shows better control effect with the variation of controlled object.
Introduction
In industrial control, the traditional PID control is still in a dominant position. It gains popularity among the engineers because of the advantages of simple structure, easy implementation and clear physical significance. In PID control strategy, generally speaking, the control parameters are set manually. It requires the designers to be rich experienced in engineering, and requires some understanding of the controlled object.
Systems with time delay are commonly seen in industrial process. The time delay element also affects the stability of the system and makes it harder to control. Wenbo [1] has proposed a method sectionalizing the error signal of the step response into three different functional zones. This works well in the height control system, but lack of general applicability. There are some other methods used for parameter setting, such as critical proportion method and ideal relay feature method, are based on the offline feature of the object, and the control effect may not meet the required performance indicators.
Muhammad Faisal [2] has proposed an adaptive fuzzy based smith controller. The smith predictor can balance the time delay element and the fuzzy control improves the robustness of the system. However, the initial value of the control parameters has a significant impact on the system. It's still a question to set them. Also when the parameters of the predictor do not meet the controlled object, this method cannot ensure the stability of the system. Therefore, the above control methods rely heavily on the identification or understanding of the controlled object model and experience of the engineering staff. In order to solve this problem, this paper proposes a Fuzzy-PID controller based on nonlinear optimization, which is using constrained nonlinear optimization method to set initial value of PID control parameters. This method greatly reduces the influence of the inappropriate initial value of the control parameter. There is even no need to use Smith predictor to keep the performance. The controller can set initial value of PID parameters online and use fuzzy control strategy to improve the control effect. On the premise of meeting the required performance indicators, the controller can achieve the optimal effect by the proposed strategy.
Preliminarys

Constrained Nonlinear Optimization
A typical nonlinear optimization problem has the following formula [3] :
A constrained nonlinear problem:s 
Where i  is the Lagrangian multipliers. By linearizing the nonlinear constraints, we can obtain the following QP sub-problems: Objective function:
Where d is all-variable search direction. Symbol  represents gradient. The matrix H is the positive definite quasi-newt on approximation of the Hessian matrix of Lagrange function, which is calculated by BFGS method.
In the PID parameter setting problem, performance criterion can be regarded as the optimization objective function and the expected performance index as constraint conditions. In this paper, the performance criterion is the distance of output and the desired bound. And the rising time, settling time, overshoot and settling range are the constraint conditions.
The constraints can be seen as piecewise linear bounds. A piecewise linear bound bnd y with n edges can be represented as [4]:
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The software computes the signed distance between the response and the edge. The signed distance for lower bounds is: 
Where sim y is the simulated response and also the function that contains parameters which are being optimized. For upper bounds: 
The nonlinear constrained optimization problem is as follows:
Therefore, the PID control parameters will be optimized by this method to meet the performance index.
The Fuzzy-PID control
The error and the rate of error change are calculated currently in Fuzzy-PID. The control parameter can be adjusted by fuzzy reasoning through fuzzy rules and querying fuzzy matrix table.
The core design of fuzzy control is the summary of technical knowledge and practical experience of engineering personnel. On this basis, the proper fuzzy rules tables of the control parameters are established [5] .
After the fuzzy rules tables are established, the range of system error E and error in change EC are defined in domain [-3, 3] and covered by seven different fuzzy sets as follows [6] :
E NB NM NS ZO PS PM PB EC NB NM NS ZO PS PM PB
As E, EC and P K , I K , D K all obey the normal distribution, the membership of fuzzy subsets is obtained. With the fuzzy-sets tables, combined with actual project experience, three parameters of PID controller can be modified online by the following formula: 
The Fuzzy-PID Based on Nonlinear Optimization
The integrated control system is shown in Fig. 1 . As previously mentioned, the constraint condition is the expected performance index from the industrial process. To optimize the control parameter, the target function is system output. Run the optimization module without the fuzzy control part.
At this moment, the system is just like a conventional PID with optimal control parameters. After the optimizing, the initial values of the control parameters are obtained, which are '
I K and ' D K . Disconnect nonlinear optimization module and link up the fuzzy control part, after which we run the simulation to achieve a better control effect.
Nonlinear optimization
Plant
Fuzzy logic Figure 1 . The structure of nonlinear optimal Fuzzy-PID control system.
The nonlinear optimization module provides initial values of the control parameters which makes the system achieve or close to the required performance. Thus, this strategy can help engineering personnel solve the problem of setting the appropriate PID control parameters. And the fuzzy control part improves the robustness of the system. We will discuss it in the next chapter.
Simulation
In the practical industrial process, the identification and estimation of the controlled object module cannot be completely accurate. The model also may vary inwardly in the production process. This tests the robustness of the system when the parameters of controlled object change within a certain scope. In this paper, some simulations are made to research the robustness of this controller. The controlled object is the one-order inertial with time-delay module, which is common in industry control. The simulations compare the controller proposed with the traditional PID controller when the parameters change. The transfer function of the controlled object is as follows: Fig. 2 . When inertial time varies by 10%, 20% respectively and the delay-time is 5s constantly, the results are shown in Fig. 3 and Fig. 4 . We record rising time, settling time, overshoot and the steady-state error after 300s in Table 1 . 
Example 2.
Keeping inertial time 50 T s  and making the delay time increase by 20% and 40%, the simulation is to test the impact of delay time variation on the system. Other parameters refer to those in Example 1. The result is shown in Fig. 5 . As we can see in this experiment, the variation of the delay time has a big impact on the traditional PID control system. At 40% variation, the system output has an obvious oscillation and severe overshoot, which even affects the stability of the system. While the Fuzzy-PID remains good control effect and shows better robustness when the controlled object varies.
Conclusions
For industrial control and automation applications involving process delays, a method of setting the initial values of the control parameters of the Fuzzy-PID controller is proposed in this paper. Through the nonlinear optimization method, the difficulty of setting the initial values of control parameters in the industrial process is simplified. The conventional PID, based on error integral criterion parameter setting method, is compared with the proposed controller. The results show that the proposed controller has the ability of handling the varying parameters of the controlled object. The fuzzy control strategy helps improving the transient and steady state behavior of time-delay systems. There is little overshoot and quicker settling of the proposed controller.
